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Abstract (Basic) : US 6103255 A 

NOVELTY - Use of porous polymers (I) having a highly 
interconnected 

bimodal distribution of open pores with smaller rounded pores 
aligned 

within the walls of the large pores in tissue culture is new. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included 

for a 

method of preparing biodegradable and biocompatible porous bimodal 
polymer scaffolds (I) involving: 

(a) dissolving 0.5-25 wt% of a biocompatible polymer in a 

miscible 

solvent mixture of a solvent (II) in which the polymer is soluble 
and a 

solvent (III) in which the polymer is insoluble such that the ratio 

of 

(II) /(III) is in the range in which the polymer will dissolve to 
form a 

homogeneous solution and (II) has a melting point between -40 
degrees 

Celsius and 20 degrees Celsius; 

(b) placing the solution into a mould containing water-soluble 
non- toxic particles (IV) that are insoluble in organic solvents and 
have a diameter of 50- 500 microns; 

(c) quenching the solution at a rate such that the 
crystallisation 

of the first solvent occurs before the onset of liquid-liquid 
demixing 

of (II) and (III); 

(d) sublimating the polymer to remove the solvents; 

(e) leaching the polymer with a solvent in which the particles 

are 

soluble and the polymer is insoluble; and 

(f) drying the polymer. 

USE - (I) are useful as supports for tissue culture either in 

the 

laboratory or at the site of a patient wound. They are highly 
porous , 

having high interconnectivity between the pores, and have a 
specific 

pore surface area in excess of 10 m squared/g. They are 
biocompatible 




and biodegradable and have pores interconnected in such a way that 
three-dimensional tissue production is possible, the scaffold 
operating 

to mimic the extracellular matrices (ECM) of the body. 

ADVANTAGE - (I) behaves both as a physical support and an 

adhesive 

substrate for isolated cells. As the transplanted cell populations 

grow 

and the cells begin to function normally, they begin to secrete 
their 

own ECM. The scaffold is designed to start to degrade as the need 

for 

an artificial support diminishes, 
pp; 10 DwgNo 0/0 
Technology Focus : 

TECHNOLOGY FOCUS - ORGANIC CHEMISTRY - Preferred Materials: 

(II) is 

preferably 1,4-dioxan and (III) is water. The ratio between (II) 

and 

the total solvent volume is preferably 1-40% v/v. The water-soluble 
particles (IV) are alkaline metal or alkaline earth metal halides, 
phosphates or sulfates; sugar crystals, water-soluble polymer 
microspheres or protein microspheres. Particularly preferred are 
sodium 

chloride crystals. 

POLYMERS - Preferred Materials: The polymers for use in (I) are 
preferably biodegradable and biocompatible polycarbonates, 
polyarylates, block copolymers of poly (alkylene oxides) with 
polycarbonates or polyarylates, alpha -hydroxycarboxylic acids, 
poly (carprolac tones) , poly (hydroxybutyrates) , polyanhydrides , 
poly (orthoesters) , polyesters and bisphenol-A based 
poly (phosphoesters) . 

Preferred Method: The quenching step is preferably effected by 
immersion of the solution in liquid nitrogen, and the leaching step 
utilizes water as the leaching agent. The scaffold structure may 
optionally comprise a biologically active substance which promotes 

or 

prevents growth of a particular variety of cellular tissue 
ingrowth, or 

a pharmaceutically active compound. 
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[W*3S2] *3Lfi#ilS9 0%Sr«i5rt**e,4*1*«ti-SIII*« 
1 (ClEHOSJi. 

-Y K) Si«)^oy^#SM, *y TS-u- h*t*y (T^* i^^lf 
-Y K) St^ny «-t Ko#^*^#V»S, *y (*^7 

* hv) xHy (t Kn*s/^u-h) m. tf!)m*.vt>m, *y (^h^ 
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[000 1] 
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[0 0 0 5] 

(Mikos et al. , Polymer, 35, 1068-77 (1994); de Groot et ah, Colloid Po 
lym. Sci. 268, 1073-81 (1991); Laurencin et ah, J. Biomed. Mater. Res., 
30, 133-8 (1996) #flR) 0 *S»W5, 5 1 4, 3 7 8fl:fl 
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T^P>. » 1 S3 J:t«B 2 e>tf(C2K !J -^-SrS^-r 5 r t So 

[0 0 4 2] 

[0 0 4 3] 

<£>3?f^ (Remington, Pharmaceutical Science, Mac Pulishing Co. , (A. R. Gen 
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naro edt. 1985) 7 KIESS^ftT 1^5. 5 fttflsMi, <t 

mm ; ; tm ■, mm\ #m%i ; y mat* £ cm 

^-vttifwfi^ffi «g£i&i ofefcS) ^fK:i»rA^Si', 
if<DT$yK; -fe/Wn-^fcL OttORfflE, //Va-^, ^V/-**7t:tt 

h y vrnttaosmM, ifisiiwioMtt ; edta4^i/ 

<^©#^*> ; 3oJ;Ut/*fcf3:Twe e n, TVw n = j/ ? !H (pluronics ) tL 
[0 0 4 4] 

*ft*W¥Wfcov^-cr*. £*WE*3*iT^5. *S#ft=5, 2 l 9 

, 5 6 4-SM3<fcUt|M5, 6 6 0, 8 2 2 # ; Nathan et al. , Bio. Cong. Chem., 
4, 54-62 (^JiSiUNathan, Macromolecules, 25, 4476 (1992) &#f$-f 5 

[0 0 4 5] 
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ffl * AttWft ft «b a tt w <b *>ft ffiog* ft ^ilUot 

, ^ji, h *5 J: uc^r i> ^ ASb»lc*5 S«a«x^ffi*3 «t a«» 

fflPtlgTf&BO&iii: LT-f fc^VM^ Vtf h o T^J/BiTS Z. i:tfS-C 

#5o «g^o#y^ — imo»frti±* mmm&<o&mcm^it&WT-?<D 

£> 5 v fc ttJwjRft if J; o t^a fcfr 5 r. t ifivt 5 

o 

[0 0 4 6] 

trgdj -o-T^y ^it*^t^*^^Kft«f©lius»#*ft*«, £ 
affitt 9 a> v\ ft bi* fc#j£ora<&»iis*^ 

if *oJ:54«Wfctt«l*tf, ( 

bmp) <0*5fc#R*4ML ±***h* (egf) , ttiianiuuKAB?- ( 

FGF) x JtL/JvKAdbftftH-T- (PDGF) , ^^a!)y*SftH?- (IGF 
-I*3<fctfl I) . TGF-flftif^iSo 
[0 0 4 7] 

HIHSttflS*«f«)*!i:L"CB:, WiMTi/***^ ^7r^ 

V > (quanine ) , ^=**V>\ *~S^ ^SStt^^ KS, ^ y 

>-e 6 , t77Dfy, J i/*5 J; tf 5/* - fc Kn*5/-L-^o U >-ftiftf> 
:/n y ^>yyv, T^fcfyv, >f^n7s^ ^TP^f Kl, 

^n^A^^UftifjWfca. f&fi±*T«ft 
lift >fvif Kn*fett-f ^^*W*t6ki±oT*«+6ii:#-C#a. * 
»3£^JBSP«IICH UTflMKlStSSrtTor, ££ftJHU»*K£-r« - 1 * s "? 
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(4, ^mgomMfimwft-chZo z<t>\z. mmmowcmmm^m^com^o 

[0 0 4 8] 

ft^WftSSWfyffl&ttx ip(*J 0 . 0 0 lmg/k g~«)10 0 Omg/k g, » 
*L<tti^)0. 0 1mg/kg~«)100mg/kg > iOff4L<i4iKO. 1 
Omg/k g~jj$2 Omg/k gdfcfflKlftS. WaaMtt.Wb-?H^X fc <t^ L 

[0 0 4 9] 

*f§WO#?LR#y v-S^i4> &ra*?*tttttft£ (S EM) fcilfifc^ 

#7LK^!i t-JE»I4, WtI*»J:OT¥**||f*if©ait«WWfe«)»ff© 
mz-fffitistiZo fi»©1ll5eiJ:J:or**©liiifirt»*«ASprf6t4or. «BJg 

[0 0 5 0] 

*rC, *ft&tt*ftafc<0ECM£##&#3&Utea.S. J£»sKy-7-tt» AX 
[0 0 5 1] 

**. JS»©*Wi«lci*, ttft. S5#&> ft. Iff*, KM. II*, &J*> 



-18- 




[0 0 5 2] 

#»cJDx.r, ««*5J:WBb<ttSHt)a**:lT5wi:#-e#, *ftK:ttfc#IM& 
[0 0 5 3J 
[0 0 5 4] 
[0 0 5 5] 

»Si-at>o-cttftv\ rg|$j r^—trvhj nvvfiifc* sijaaxsr^as 

[0 0 5 6] 
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[0 0 5 7] 

mi] 






Mw h >) 


# y 

g/L 


Jjf D (DTE * - stf * - h ) 


206000 


60.6 


V (DTE h) 


89000 


92.7 


stf y (DTE co 30%DT # — # * — h ) 


96000 


87.6 


?tf y (DTE co 5%PEG IK % - # * — V ) 


88000 


74.5 


*K y (DTB I-) 


108000 


90.7 


* y (L - UK) 


93000 


91.5 



%nm \ :#v (dte c ) &mv>m& 
urn-. 

099, o 6 o%-\m^<Djjm&m^xtfv idte*-#*- 

h) (Mw=2 0 6, 0 0 0) fcJBSUfc. 1, y K»**AC 

S^u-K) iSAtKWb+hS *A (NaC 1) igfiSr7^ y • 1M ^> 
"r^y^yt (Fisher Scientific, *0*sA*<—7¥\\:y V (Pittsburg 
h) df&) frbMALIto MP^2 1 2 /im (n 4 7 0) fc<fctf4 2 5 m 

m (n ± 4 0) 0*H«JPWRfflf (ASTM-E1 1, Tyler, ^W^ffl^^^ 
- (Mentor) gfffi) *ffl^tfiofc. #fl-«ai^W»l-fflV^fc*«W:, 3 0^® 
p°a (Bethlehem Apparatus, ^Vi/yW<^T*H^9 — * £ ^ (Hellertown) /5t& 
) -C&ofco 
[0 0 5 8] 

#5 (DTE*-#*-h) 0. 2g^ £fiT?«««#Tfc 1 , 4-^** 
■^^3mL*5j:t;7KO. 3 m L©«^«fc»d>Lfc 0 #y ^H8»«fc»6>*lfc 

fi200/im-»4 00/im) 7 g iCffijfMtfco 
[0 0 5 9] 
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[0 0 6 0] 
[0 0 6 1] 

S EMfltlifilSi^S : 

SEM^ot, J£»<OJgffiSrffffiLfco (-1 9 6t) tW^i 

[0 0 6 2] 

o ^tllCo^T, />VHf— * (Balzers ) SCD004^y?a-f^^ 
a (BAL-TEC) SrfflV^rfia— >VLtz 0 3 - 5 P a (3- 

5X10" 2 ;!)/^) CRgt, t»il2 0W(O3-f><yWfli:^ 
T3 OmAt Lfc 0 5 k V<DB$LS 4 5 0 S EM£r/flV>fc 0 

[0 0 6 3] 

SEM(Ci:or#bfl^:'rv ; ^^lJ^<7)7L^$r, NIH^^-^ (NIH Image 
, ^aE^^TLSlCfflV^H^^— /H:ffiot/^^;^^n (Pascal macro 

) *»v*fc. 
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2HS<£>{0^ (fiffiP* 0 fcitfiSfflF* (10 m 

m<DX<r-/W<-) ) V3fflm<0 J fi?*/mikt:WrLit: (n = 3) 0 
[0 0 6 5] 

[0 0 6 6 J 

9 5 4 0lbKffi#7LSff (Micromeritics, ^ 3 — ^T'JH/ — ^ n * (Norcros 

M*«J3J:t/?Lft»*Sr*«>fc. **EEtt, »2 0. 7MPa (3 0 0 0 ps i 
a) £-C!E@:Lfc 0 rojBE^H, 0. 0 6 n mSl±<DJL\Z&m&mA£itZ><D\Z 

[00 6 7] 

D = - (1/P) 4 y cos f 
S6«t», Df«US (/im) T?*>9 ; PttSDstfcE* (psia) Xh*) ; 7 ft* 

o 

[00 6 8] 

3 0° 

J6*fl, ¥«?LStt3»«[«)H*-CO«JD*fi«A* (mL/g) (D^BtLX 
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m&ZtlZo ^^If-Ol^r, ^V^KOKRttSig^fifofc (n = 3) o 
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* I I : sKy (DTE*-#*-h) £HiCO^Ttf) SEMMSWj5^(DS 

[0 0 7 0] 
l«2] 





mm 












(Urn) 
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^ y — y^:10 |im 












47 


30 


9 


5 




14 


5 


2 


0 














49,554 


1077 


300 


191 


nmmm 


7,279 


54 


21 


20 



•a^lCio-ClWtft^Sna (ID. ¥MS2 00/im-40 0Mm(D 



[00 7 1] 
[00 7 2] 
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H*«l tlwl«(c:Lr3Ky (DTE#-#*- h) (Mw=8 9, 0 0 0) * 
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BETffl£:j£JtSMffl»J£: 

PtirlsfVA''? (Quantasorb, Quantachrome, 7D!)^W^yhyf^f 

(Boynton Beach) ) S#lJffl1-3 >OU"J-£T xn>yh-77- (Brunauer- 

Eromett-Teller ) (BET) jSfeSrfflV^r, JfcSffiaSrBI^fc. r<£>BETge® 

[0 0 7 5] 

<p*) fcW-JM-arttf-cs, Wftg (e) ttTKi:ior*ftbii6o 

[0 0 7 6] 

£ = 1 — p * / p pDTEC 

PpOTBc^y^-**^** (1- 2 7 7 8) . 

*y (DTE*->K*-h) M^»i^?LS®ai4. Bli2 OmVgffcofc 
„ ^roffifi, PLLAOi-7*u>1S«S:»»1-S-fT?»JtS*iaJS»fco^ 
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#lCO^T«^(Dit (1 6-9 9m 2 /g) (7kffi^7L*ffl^l-«t oT#fc fcO 
) <Dmmft-?hZ>&, Qnm£*)fc\,\ #&GTL&\*9 7%Xhotz 
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[0 0 7 7] 

mmm3 (DTE co 3 0%DT*-W-M £4§OS85£ 

DTE co 3 0%DT*-#*-H ^6J£»*«5S"r*a 

1 9 9 7^1 1 £ 7 BtBKO*B«ff|FfflK0 9/0 5 6, 050^ (*rtf>BB^ 

ftm*&mc£y*wmm\c$*tiz>) ^m^^m^m^x, #y (dte c 

o 3 0%DT^-«-h) (Mw=9 6 0, 0 0 0) £ffijgbfc 0 
[0 0 7 8] 

^]) (DTE co 3 0%DT*-#*-h) 0. 2 8 9 g «r 1 , 
>-/* (9 1/9*9%) fcSM>Lfc. ro*tt«rfflv^JllS«l iW«K:ja» 

[0 0 7 9] 

s em, frm&K&Mfe&kxm&mr 

#}) (DTE co 3 0%DT*-W^h) Hiife#]l<£>#y (DTE 

SEMH«»W^7k«#7LS»J3tJI6*^?>, (DTE*-#*-M 
Tftf}) (DTE co 3 0%DT*-W-h) frb$tikZtlft&m&m&<Dlim 

Sr«l»+*wfc-C, (DTE*-«-h) *5j:tK3sKy (DTE co 3 0% 
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[0 0 8 0] 

HJffiflU : XV (DTE co 5%PEG 1 0 0 0^-^- h) J^^giig 

mmmi \c^Ltcj?&zm^x, PEG^i^y (dte# 

h) (DTE c o 5%PEG 1 0 0 0^/^ 

-h) 

[0 0 8 1] 

*g#lf5, 6 5 8, 9 9 5#lcBB^O*feSrffl^r, #y (DTE co 5% 

PEG 1 0 0 0# — h) (Mw = 8 8, 0 0 0 0 ) Lfc 0 

#y (DTE co 5%PEG 1 0 0 0#-#*-h) 0. 2 4 6 g£l, 4- 
i^^rf-V/* (9l/9W/o) 3. 3mLl:8^Lfc, r^«tt4:ffl^"C, 
St*«l i:IW«lcL"CJE»tff«Ufc. 
[0 0 8 2] 

S EM, ^e^ft»£^^tMiftff«f : 

#!J (DTE co 5%PEG 1 00 0^^h) J£»«r, 1 0>#!J 

SEMWiWIWt***?L*«®ie*^6, (DTE*-#*-h) *5cfc 

tf#y (DTE co 5%PEG 1 0 0 0*-W-F) frbW&Ztlft&WHtffi 

«0«iftS:»J»i-Sri:-e, ^y (DT h) *5<fctf#y (DTE c 

o 5%PEG1 0 0 d»bH«0?La^Sr*1-SS»«:l!it-f 

[0 0 8 3] 

yry-i— h^b^^Migi-e 0 #y (DTBt^^-h) rat, mmmi 
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<DtfD (DTE*-**-H bttMLXT g&fc^b (6 5*0 
[0 0 8 4] 

*@^ff5, 2 16, 1 1 5-§-fcM^O#ffi*ffiVvC, (DTBWV* 
- h) (Mw= 1 0 8, 0 0 0 0) SrKiiLfco 

#y (DTBt^^-b) 0. 3gSrl, y/* (9 1/9* 

[0 0 8 5] 

S EM : 

aK'J (DTBt^V*-H JE»*. S81KWlO*y (DTE*-#*-h) 

SEMBrJW»b* (DTBt^^h) fi»ttl81K«l<02Ky (DTE 

JH) o 

[0 0 8 6] 

H»J6 ;#y (L-«B (PLLA) £4§<D$!!& 
LLAd»&JB»*J(JSi-* 0 

PLLA (Mw=1 0 8, 0 0 0) (Medi so lb polymers, Alkermes Inc. , tf" 
/N-f :frfth>^^ (Cincinnati) Bfft) 0. 3g£l, 4-^^*^/* ( 

f^SiLfCo 
[0 0 8 7] 

S EM : 
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[0 0 8 8J 

mfeW l 9 (DTE*-W-h) 0. 3g4rl, 4 — J^MJ-v/* ( 
8 5/l5ffl%) 3. 3mLKW>Lt r«>8««:JHV*-C, ItlfeftI 1 £ Htt 

[0 0 8 9] 

S EM : 

r©£#£, jtJt«l"C*BetUfcja»4ltlS!Ufc. 

"CKfl:******. WUMUSJbJH-SJ:. WbftSIMe** &l*ftlc/h£ 
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[0 0 9 0] 

**«jfcja»ic*5n-t\ ©pwm (L-LBftfrcioTtcs) a* 
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[0 0 9 11 

[0 0 9 2] 
[0 0 9 3] 

88/^f*K:lfAU ry/nuy (Anprolene ) A N 7 2 C 3 

o 

[0 0 9 4] 

ffl5&«S:ffl«>ji^«p *ffi3&*tt, 2«0(Djt:S8mmO^«a^5*>©-*lCA 
tlft 0 

[0 0 9 5] 

H&&A/££«ttK& 8 minTW $ 2 - 3 mm fc+S r. t "C, *f-*0>WgS 
7*W?})y%mtLX. foAtttfttrmLfc, ■J-VTVUr, 7 0%, 8 0 

%, 9 5%*5j:^i o o%ai#y— /^©*/r/u3— ^flBKt-caucu *a«» 

ftSO (Fisher^b^Hemo-De ) "CtfttU * * y /UBM ?vl/ (Fisher) cOfi^ 
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*T-( — T^/U • ^/l/— (Stevenel' s blue) ^ir/^r^-^y^k^n 
[0 0 9 6] 

[0 0 9 7] 

o?LoaBJttE3?ll3dSttliaE^]«cK»Lfco ftfin. JLtfSrtLfc/^-vfcEJI 
[0 0 9 8] 

[0 0 9 9] 
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